Introduction
Several studies have related dental morphological anomalies to root resorption during orthodontic treatment (Lind, 1972; Levander and Malmgren, 1988; Kjaer, 1995; Mirabella and Årtun, 1995; Thongudomporn and Freer, 1998a; Lee et al., 1999; Sameshima and Sinclair, 2001; Kook et al., 2003; Mavragani et al., 2006) . Many methods have been used to assess the presence or absence of a dental anomaly. Most studies have used the drawings of Levander and Malmgren (1988) to assess a dental anomaly, such as a short root, a blunt root, a root with an apical bend, or a root with a pipette-shaped apex (Kjaer 1995; Levander et al., 1998; Thongudomporn and Freer, 1998a; Nigul and Jagomagi, 2006;  Figure 1 ). Mirabella and Årtun (1995) and Årtun et al. (2009) assessed dental anomalies using different drawings (Figure 2) . In some studies, on the other hand, the assessments of anomalies were based on definitions without drawings (Lee et al., 1999; Hamasha et al., 2002; Kook et al., 2003; Albashaireh and Khader, 2006; Mavragani et al., 2006) , and, in a few investigations, the anomalies were not even defined but the assessments were based on the terms blunt, eroded, pointed, bent, and bottle-shaped root only Sinclair, 2001, 2004; Apajalahti et al., 2002) . This SUMMARY The presence of dental anomalies has been rated radiographically in a number of studies. However, since the reliability of the assessment of these anomalies has rarely been investigated, the aim of this study was to examine inter-and intraexaminer agreement in identifying morphological dental anomalies, such as tooth agenesis, dilacerated, pipette-shaped, blunt, pointed, and short roots. Pretreatment panoramic radiographs of 40 patients (13 males and 27 females; mean age 27.7 ± 10.8 years) treated between 1983 and 2008 were selected. Four examiners independently assessed the radiographs twice. For a dilacerated root and agenesis, a definition was given. For pipette-shaped, blunt, or pointed roots, a drawing was shown, and for a short root, a ratio was used to identify the anomaly.
Intraexaminer agreement of the assessments of the dental anomalies was presented by Cohen's Kappa and varied between −0.01 for short roots and 1.00 for agenesis. With respect to short roots, three of the examiners did not rate them to be present on at least one measurement occasion. This implies that intraexaminer agreement could not be calculated for these three examiners. Interexaminer agreement for dilacerated roots varied between 0.14 and 0.50, for pipette-shaped roots between −0.01 and 0.33, for blunt roots between 0.05 and 0.32, and for pointed roots between 0.17 and 0.37. All values for agenesis were 1.00. It can be concluded that assessing agenesis on panoramic radiographs is reliable. Rating the presence of dilacerated, pipette-shaped, blunt, pointed, and short roots on panoramic radiographs, however, does not result in a reliable assessment. variety in assessment methods seems to indicate a lack of consensus.
Although these assessments have been conducted in a number of studies, the reliability of the assessment of these anomalies has rarely been investigated. Thongudomporn and Freer (1998a) reported a relationship between anomalous dental morphology and root resorption during orthodontic treatment. They found 99.9 per cent intraexaminer agreement in assessing anomalous dental morphologies, such as agenesis, impaction, dilaceration, ectopic eruption, invagination, peg-shaped lateral incisor, thin or pipette-shaped roots, short or blunt roots, and taurodontism. Those authors referred to the drawings of Levander and Malmgren (1988) and to the definitions by Lind (1972 ), Jorgenson (1980 and Langlais et al. (1995) and assessed the pre-treatment panoramic radiographs of 16 randomly selected subjects on two separate occasions with a washout period of 2 weeks. Such a high percentage of intraexaminer agreement probably referred to all anomalies in a cumulative manner; it appears that no distinction was made between individual anomaly types. Sameshima and Sinclair (2001) scored 10 sets of 24 teeth twice approximately 2 weeks apart. They defined six categories of root shape in 251 RELIABILITY OF ASSESSING DENTAL ANOMALIES terms of normal, blunt, pipette-shaped, pointed, dilacerated, and incomplete roots. The agreement was tested with an intraclass correlation coefficient generated by Cohen's Kappa test. Coefficients were higher (>0.90) for anterior than for posterior (0.6-0.7) teeth. Using a slightly different definition, Hamasha et al. (2002) found 100 per cent intraexaminer agreement for dilacerated roots. They re-examined a sample of 100 periapical radiographs containing three dilacerated roots 2 months after the first examination. Recently, Uslu et al. (2009) evaluated agenesis, dilacerations, and short or blunt roots among other anomalies on panoramic and periapical radiographs, dental casts, intraoral photographs, and dental histories. The records of 20 randomly selected subjects were re-examined at least 2 weeks after the initial examination by the same clinician, and a Cohen's Kappa coefficient of 1.0 for all previously mentioned anomalies was reported. It appears from the published literature that, although intraexaminer reliability of some dental anomalies has been investigated, interexaminer reliability has never been adequately addressed.
When the relationship between dental anomalies and root resorption is investigated, it is important first to examine the reliability of the assessment of each individual type of these dental anomalies. Therefore, the aim of the present study was to assess inter-and intraexaminer agreement of the identification on panoramic radiographs of dental anomalies, namely tooth agenesis, pipette-shaped root apices, dilacerated, blunt, pointed, and short roots.
Materials and methods

Sample
The study was conducted using panoramic radiographs of patients treated between 1983 and 2008 at the Department of Orthodontics, Academic Centre for Dentistry Amsterdam, The Netherlands. To ensure complete root formation of all teeth, except the third molars, and also to enable the diagnosis of congenitally absent teeth, all radiographs of subjects older than 15 years before the start of treatment with fixed appliances were selected, resulting in a group of 607 patients. Next, a random selection of these 607 patient files took place until 40 patients were included, based on the following exclusion criteria: (1) previous fixed appliance treatment, (2) jaw surgery, (3) poor quality of the panoramic radiograph and no visibility of the periodontal ligament of every tooth, (4) developmental anomalies such as syndromes or clefts, (5) treatment duration <18 months, and (6) anterior restorations performed between the pre-and post-orthodontic panoramic radiograph recordings. The mean age of these 40 patients (13 males and 27 females) was 27.7 ± 10.8 years (range 16.1-51.3 years). The quality of all the selected panoramic radiographs can be considered as equal.
The examiners
Four examiners independently assessed the radiographs twice with a minimum washout period of 1 week. Examiner 1 was a postgraduate student in the third year of orthodontic specialist education, examiner 2 was a specialist orthodontist with 6 months of clinical experience, examiner 3 was an orthodontic specialist with 30 years of clinical experience, and examiner 4 was an orthodontic specialist with 35 years of clinical experience. In summary, examiners 1 and 2 were less experienced and examiners 3 and 4 were more experienced.
Methods
The selection and definitions of the anomalies were based on the literature relevant to the relationship between root resorption during orthodontic treatment and dental anomalies. The following anomalies have been suggested to be related to excessive root resorption during orthodontic treatment and were assessed in the present study as follows.
Dilacerated root. A root was considered as having a dilaceration towards the mesial or distal direction if there was a 45 degree or larger angle between the long axis of the apical part of the root and the long axis of the crown. The long axis was determined using a small ruler, aligned along the pulp of the crown and the pulp of the apical part of the root. When the angle was borderline, a cephalometric protractor was used. A dilaceration towards the buccal or lingual direction was identified by assessing the appearance of the apical part of the root. If there was a round opaque area with a dark shadow in its central region cast by the apical foramen and the root canal gave a 'bull's eye' appearance, a dilaceration was recorded (Hamasha et al., 2002) . The presence of a dilaceration was scored as 1 and absence as 0.
Agenesis. Agenesis of the central and lateral incisors, canines, first and second premolars, first, second, and third molars was diagnosed using panoramic radiographs. Subsequently, the agenesis was confirmed by longitudinal patient records of no history of extraction of that particular tooth, as verified by examiner 1, and was scored as 1. When the tooth was present score 0 was given.
Pipette-shaped, blunt, and pointed roots. A pipette-shaped or blunt root was defined as drawn by Levander and Malmgren (1988, Figure 1 ). A pointed root was defined as drawn by Mirabella and Årtun (1995, Figure 2 ). When the root of the tooth was similar to the drawing, it was scored as 1 and when the root appeared normal, it was scored as 0.
Short root. A short root was defined as the root length (RL)/crown length (CL) ratio ≤1. When RL/CL ≤1, a short root was present and was scored as 1 and when RL/CL >1, a short root was absent and was scored as 0 (Lind, 1972) . RL was defined as the distance between the most apical point of the root and the midpoint of the most apical and proximal points of the cemento-enamel junction (CEJ). For teeth with two or more roots, the most apical point was the midpoint of a line connecting the most apical points of the two, or the two smallest, roots. CL was defined as the distance between the midpoint of the most apical and proximal points of the CEJ and the middle of the largest mesio-distal distance of the crown, projected on the incisal/ occlusal edge. RL was most often longer than CL and no digital calliper was necessary. In cases of doubt, the examiners measured the RL and CL with an electronic digital calliper (ETC Europe, Heiloo, The Netherlands; 0-150 mm/0.01 mm). After reading a written explanation of the measurement methods, the examiners scored all permanent teeth (excluding the third molars) in relation to the presence or absence of a dilacerated root, pipette-shaped root apex, blunt root, pointed root, and short root on the panoramic radiographs. When agenesis was scored, third molars were included.
Statistical analysis
Intra-and interexaminer agreement was evaluated by calculating Cohen's Kappa. According to Bulman and Osborn (1989) , values of Cohen's Kappa below 0.40 were considered as poor agreement, between 0.41 and 0.60 as moderate agreement, between 0.61 and 0.80 as substantial agreement, and between 0.81 and 1.00 as good agreement. Because of the low prevalence of all dental anomalies investigated (ranging from 0.1 to 5.9 per cent), a minimum of 0.80 was considered as a limit for a reliable assessment. For analysis, the Statistical Package for Social Sciences, Windows version 15.0 (SPSS Inc., Chicago, Illinois, USA) was used. Table 1 shows the intraexaminer agreement of the assessments of the dental anomalies. Cohen's Kappa varied between −0.01 for short roots and 1.00 for agenesis. With respect to short roots, three of the examiners did not rate them to be present on at least one measurement occasion. This implies that intraexaminer agreement could not be calculated for these three examiners. Cohen's Kappa values for interexaminer agreement of the first measurements are presented in Table 2 . The values The prevalence of the selected dental anomalies in the sample was calculated as the mean prevalence of the first measurements of the four examiners and the results are presented in Table 3 . Short roots were least prevalent at 0.1 per cent, and pointed roots were the most prevalent at 5.9 per cent.
Results
Discussion
The results of this study showed poor reliability for the assessment on panoramic radiographs of dilacerated, pipette-shaped, blunt, pointed, and short roots. On the other hand, identification of tooth agenesis was very reliable. Intraexaminer reliability for pipette-shaped roots for examiners 1 and 4 was also good, resulting in values of 0.80 and 1.00, respectively; however, interexaminer reliability between examiners 1 and 4 for pipette-shaped roots was −0.01. It appears therefore that examiners 1 and 4 were consistent in assessing pipette-shaped roots but did not rate the same roots as pipette shaped. Moreover, examiner 4 measured only one tooth twice as being pipette shaped. On the basis of these findings, the assessment of pipette-shaped, dilacerated, blunt, pointed, and short roots on panoramic radiographs is not reliable.
These findings contrast with the results of previous studies. For instance, Thongudomporn and Freer (1998a) reported 99.9 per cent intraexaminer agreement for the assessment of anomalous dental morphologies on panoramic radiographs when the drawings of Levander and Malmgren (1988) were used. Those authors did not report the agreement per anomaly, instead they pooled thin and pipette-shaped roots and short and blunt roots, whereas the present study assessed individual anomaly types separately. Furthermore, Thongudomporn and Freer (1998a) assessed a wider variety of anomalies. Nevertheless, these differences do not explain such large discrepancies in percentage agreement. Sameshima and Sinclair (2001) also reported higher intraexaminer reliability coefficients. Having defined six categories of root shape by the terms normal, blunt, pipette shaped, pointed, dilacerated, and incomplete roots, they carried out the assessment on periapical radiographs without distinguishing between the anomalous types when examining intraexaminer agreement. As discussed by Sameshima and Asgarifar (2001) , it is more difficult to assess root shape on panoramic radiographs than on periapical films, which might be a reasonable explanation for the discrepancy in reliability coefficients between the study of Sameshima and Sinclair (2001) and the findings of the present research. Uslu et al. (2009) reported perfect interexaminer agreement in assessing agenesis, dilacerations, and short or blunt roots on panoramic and periapical radiographs, dental casts, intraoral photographs, and dental histories. The use of a combination of several sources of information most probably contributed to these results.
In the present research, and in agreement with previously reported studies, identification of tooth agenesis, based on a panoramic radiograph and dental history, was scored as very reliable. Endo et al. (2006) reassessed 10 per cent of 3358 panoramic radiographs of children with and without hypodontia 1 month after the initial survey and obtained 100 per cent agreement in identifying hypodontia.
An important factor in the assessment of anomalies is the source of information. Panoramic and cephalometric records are the routine pre-treatment radiographs for orthodontic treatment. It would be ideal if all relevant information for the orthodontic treatment plan could be obtained from these two radiographs. Sameshima and Asgarifar (2001) compared periapical and panoramic radiographs concerning the assessment of abnormal root shape using the drawings of Levander and Malmgren (1988) and found a higher prevalence of abnormal root shape on periapical films than on panoramic radiographs. As most studies (Muhammed and Manson-Hing, 1982; Rohlin et al., 1989; Gher and Richardson, 1995) suggest a superiority of periapical over Table 3 Prevalence of the anomalies.
Anomaly
Prevalence (%) in the present study Prevalence (%) reported in the literature Dilacerated roots 0.4 1.8 (Thongudomporn and Freer, 1998b) 13.0 (Ng'ang'a and Ng'ang'a, 2003) 3.8 (Hamasha et al., 2002 ) Agenesis 3.2 8.1 (Thongudomporn and Freer, 1998b ) Pipette-shaped roots 1.1 20.7 (for thin or pipette-shaped roots; Thongudomporn and Freer, 1998b) 7.0 (Ng'ang'a and Ng'ang'a, 2003 ) Blunt roots 4.4 23.4 (for short or blunt roots; Thongudomporn and Freer, 1998b) 7.0 (Ng'ang'a and Ng'ang'a, 2003) Pointed roots 5.9 20.7 (for thin or pipette-shaped roots; Thongudomporn and Freer, 1998b ) Short roots 0.1 23.4 (for short or blunt roots; Thongudomporn and Freer, 1998b) 1.3 (Apajalahti et al., 2002) 12.5 (Ng'ang'a and Ng'ang'a, 2003) Downloaded from https://academic.oup.com/ejo/article-abstract/33/3/250/436939 by guest on 07 January 2019 over panoramic radiographs in delivering detail, periapical radiographs appear more suitable for assessing root anomalies. This finding is also supported by the prevalence data obtained in the present study. Although the aim was not to determine the prevalence of dental anomalies, the low prevalence might give an explanation for the contradictory findings but might also reflect the unsuitability of panoramic radiographs to show these abnormalities. A comparison between the prevalence calculated in the present investigation and that reported in previous studies is shown in Table 3 . Thongudomporn and Freer (1998b) found a higher prevalence of short or blunt roots (23.4 per cent) than this study (4.5 per cent as the sum of 4.4 per cent blunt roots and 0.1 per cent short roots). Both thin and pipetteshaped roots were more prevalent in the study of Thongudomporn and Freer (1998b; 20.7 per cent) than reported here (7.0 per cent as the sum of 1.1 per cent pipette-shaped roots and 5.9 per cent pointed roots). The prevalence of dilacerated roots and agenesis, 0.4 and 3.2 per cent, respectively, was lower in the present study but was of a comparable magnitude with that reported by Thongudomporn and Freer (1998b) of 1.8 and 8.1 per cent, respectively. Apajalahti et al. (2002) scored short roots on panoramic radiographs using a slightly different definition. Short roots were scored when the root-to-crown ratio was ≤1 for at least one pair of permanent teeth bilaterally. Because of this definition, a lower prevalence might be expected, which in fact was higher (1.3 per cent) than that in the present study (0.1 per cent). Ng'ang'a and Ng'ang'a (2003) calculated a prevalence of 12.5 per cent for short roots, 7.0 per cent for blunt roots, 13.0 per cent for roots with an apical bend, and 7.0 per cent for pipette-shaped roots, when assessed on periapical films. These prevalence rates were higher than those in the present research, namely 0.1, 4.4, 1.8, and 1.1, respectively. The most likely reasons for these differences are the definitions of anomalies, the use of periapical radiographs, the ethnicity of the sample, or sample selection in general. Thus, as the present study showed that the assessments of all anomalies on panoramic radiographs were unreliable, the prevalence values found, as well as in other studies using panoramic radiographs, might be questioned.
The examiners identified the anomalies after reading a written explanation. It is possible that the examiners had different interpretations of the definitions and drawings. This might also be an explanation for the low interexaminer agreement. Possibly, more calibration would have improved interexaminer agreement; however, one can doubt the generalizability of an assessment method for which an intensive calibration is necessary in order to achieve a reasonable agreement.
Nevertheless, despite the differences in the methods used, namely periapical versus panoramic radiographs, and (or as a consequence of) the differences in prevalence, the present findings with regard to intra-and interexaminer agreement of the assessment of dental anomalies are disappointing. The discrepancies in the results combined with some uncertainties from previous studies require more investigations of the reliability of assessments on panoramic radiographs. It also remains to be seen in future studies whether other imaging techniques, such as digital radiographs or cone beam computed tomography, provide more reliable results with respect to the assessment of dental anomalies.
Conclusions
Assessing agenesis on panoramic radiographs is reliable. However, rating the presence of dilacerated, pipette-shaped, blunt, pointed, and short roots on panoramic radiographs does not result in a reliable assessment.
